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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Fumihiro Tawa, a citizen of 
Japan residing at Kawasaki, Japan, Shinya Hasegawa, a 
citizen of Japan residing at Kawasaki, Japan and Tetsuo 
Koezuka, a citizen of Japan residing at Kawasaki, Japan have 
invented certain new and useful improvements in 



OPTICAL DEVICE AND OPTICAL INFORMATION RECORDING APPARATUS 

USING THE SAME 



of which the following is a specification 



TITLE OF THE INVENTION 

OPTICAL DEVICE AND OPTICAL INFORMATION 
RECORDING APPARATUS USING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of The Invention 

The present invention relates to an optical device in which 
an emission layer of a laser light source is slanted to the 
direction of the reference surface of the light source substrate. 
Further, the present invention relates to an optical information 
recording apparatus using the optical device as an optical head. 

2. Description of the Related Art 

Recently, optical disk drives, such as MO, CD-ROM or 
DVD drives, have increasingly used an integrated optical head 
module as the optical head of each optical disk drive. The 
integrated optical head module is a single module on which both 
the laser light source that emits a laser light beam to an optical 
disk and the light receiving element that receives a reflection 
beam reflected from the optical disk are provided in common. 

The use of an integrated optical head module facilitates 
the positioning of the optical elements in the optical disk drive 
with accuracy. The use of an integrated optical head module 
facilitates the manufacture of optical disk drives and allows the 
small-sized design of optical disk drives. Further, the recording 
density of optical disks has been increased to a higher level 
every year. In such circumstances, there is an increasing 
demand for an optical information recording apparatus using the 
integrated optical head module that ensures good quality of a 
reproduced signal obtained from a reflection light. 

FIG. 3 is a diagram of a conventional integrated optical 
head module. 

As shown in FIG. 3, the integrated optical head module 11 
generally includes a photodetector substrate 21, a sub-mount 22, 
a semiconductor laser 23, and a reflector mirror 24. The 
photodetector substrate 21 is constituted by a semiconductor 
substrate. A plurality of photodetectors 25-1 through 25-8 are 
disposed on the surface of the substrate 21. A reflected laser 



-2- 



beam from an optical disk is divided into plural laser beams, and 
such laser beams are respectively supplied to the photodetectors 
25-1 through 25-7. 

The photodetectors 25-1 through 25-4 detect the reflected 
5 laser beams from the disk to output tracking error signals. The 

photodetectors 25-5 and 25-6 detect the reflected laser beams 
from the disk to output focusing error signals. The 
photodetector 25-7 detects a reflected laser beam from the 
semiconductor laser 23 to output a monitor signal that is used to 

10 monitor the intensity of the laser light emitted by the 

semiconductor laser 23. The photodetector 25-8 detects the 
reflected laser beam from the disk to output an MO signal that is 
used to generate a reproduced signal. 

The monitor signal output by the photodetector 25-7 is 

15 supplied to a laser drive circuit of an optical disk drive (not 
shown). The laser drive circuit controls the intensity of the 
laser light, which is emitted by the semiconductor laser 23, 
based on the monitor signal from the photodetector 25-7. The 
MO signal output by the photodetector 25-8 is supplied to an 

20 MO signal detection circuit of the optical disk drive. The MO 
signal detection circuit generates a reproduced signal through 
the decoding of the MO signal from the photodetector 25-8. 

The tracking error signal and the focusing error signal, 
which are output by the photodetectors 25-1 through 25-6, are 

25 supplied to a focusing/tracking control circuit of the optical 

disk drive. The focusing/tracking control circuit drives a 
focusing actuator (not shown) of the optical head in response to 
the focusing error signal, so that a focusing control of the 
deflected laser beam on the disk is carried out. The 

30 focusing/tracking control circuit drives a tracking actuator (not 

shown) of the optical head in response to the tracking error 
signal, so that a tracking control of the deflected laser beam on 
the disk is carried out. 

In the integrated optical head module 11 of FIG. 3, the 

35 sub-mount 22 is disposed onto the substrate 21 at a middle 

position which is slightly deviated from the center of the 
substrate 21 in a direction "Yl" indicated in FIG. 3. The 
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semiconductor laser 23 is fixed onto the sub-mount 22. The 
sub-mount 22 isolates the semiconductor laser 23 from the 
substrate 21, and provides wiring which connects the 
semiconductor laser 23 to an external circuit. 
5 In the integrated optical head module 11 of FIG. 3, the 

semiconductor laser 23 is formed from an Al-Ga-As based 
semiconductor laser chip, and it is fixed onto the sub-mount 22. 
The semiconductor laser 23 is connected to the laser drive 
circuit of the optical disk drive. The semiconductor laser 23 

10 emits a laser light beam in response to a drive signal received 

from the laser drive circuit. The laser light beam is emitted by 
the semiconductor laser 23 in a direction Y2 indicated in FIG. 3. 

The reflector mirror 24 is disposed on the substrate 21 at a 
middle position on the central axis of the substrate 21. The 

15 reflector mirror 24 includes a sloped reflection surface 24a that 

faces the semiconductor laser 24 in the direction Yl. The sloped 
reflection surface 24a is substantially at an angle of 45 degrees 
to the surface of the substrate 21. 

The emitted laser beam from the semiconductor laser 23 is 

20 incident to the sloped reflection surface 24a of the mirror 24, 

and the sloped reflection surface 24a reflects the laser beam in 
the up direction toward the optical disk. The direction of the 
reflected laser beam is substantially perpendicular to the surface 
of the substrate 21. The reflected laser beam from the mirror 24 

25 is divided by optical elements of the optical head into plural 
laser beams, and most of such laser beams are directed to the 
optical disk 10 but one of such laser beams is directed to the 
photodetector 25-7. 

FIG. 4A and FIG. 4B are diagrams for explaining a 

30 relationship between the reflected light beam and the reflector 
mirror in the conventional integrated optical head module. FIG. 
4A is a perspective view of the mirror 24, and FIG. 4B is a top 
view of the mirror 24. 

The semiconductor laser 23 is provided with an emission 

35 layer that is parallel to the surface of the substrate 21. The 

semiconductor laser 23 is disposed such that the optical axis of 
the emission light beam from the semiconductor laser 23 is in 
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the direction Y2 that is parallel to a radial direction of the 
optical disk 10. The reflector mirror 24 is disposed such that 
the sloped reflection surface 24a is at an angle of 45 degrees to 
the surface of the substrate 21. 
5 The emitted laser beam from the semiconductor laser 23 

has a given direction of polarization with respect to the surface 
of the substrate 21 as indicated by the arrow X in FIG. 4A and 
FIG. 4B. 

The reflector mirror 24 is disposed such that the reflection 

10 surface 24a is substantially parallel to the direction of 

polarization of the emitted laser beam. Hence, the 
semiconductor laser 23 and the reflector mirror 24 are disposed 
on the substrate 21 such that the direction of polarization (or the 
direction X) of the reflected laser beam from the mirror 24 

15 accords with a tangential direction (or a track direction) of the 
optical disk 10. 

Generally, a laser beam emitted from an emission layer of 
a semiconductor laser has an elliptic distribution of intensity, 
the ellipse having a major axis parallel to the lateral direction 

20 of the emission layer and a minor axis parallel to the 

longitudinal direction of the emission layer. It is desired that a 
laser beam emitted by a semiconductor laser used in a magneto- 
optical disk drive provide a circular distribution of intensity. 
For this purpose, Al-Ga-In-As-P based semiconductor lasers 

25 have been proposed, which are configured to provide an emitted 

laser beam having a nearly circular distribution of intensity. A 
high-output S 3 (self-aligned stepped substrate) semiconductor 
laser has been developed as one of such Al-Ga-In-As-P based 
semiconductor lasers. 

30 FIG. 5 shows a structure of the Al-Ga-In- As-P based S 3 

semiconductor laser. 

As shown in FIG. 5, in the Al-Ga-In-As-P based S 3 
semiconductor laser 30, a substrate 31, a clad layer 32, a strain- 
MQW activation layer 33, a first clad layer 34, a current block 

35 layer 35, a second clad layer 36 and a contact layer 37 are 
provided. 

When producing the Al-Ga-In- As-P based S 3 
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semiconductor laser 30, selective etching of the substrate 31 
having a primary surface of (100) 6°off (which will be called the 
reference surface) is first performed. As a result of the etching, 
the (411)A surface is exposed on the substrate 31 on which a p- 
5 type emission layer 38 is formed. The clad layer 32 and the 
activation layer 33 are formed on the substrate 31 having the 
(411)A surface. In the activation layer 33, the p-type emission 
layer 38 is provided on the (411)A surface, and an n-type region 
39 is provided on the (100) 6°off reference surface. The current 

10 block layer 35 is formed on the (100) 6°off reference surface 
only, which provide the current blocking function. 

As described above, the Al-Ga-In-As-P based S 3 
semiconductor laser 30 is configured to provide an emitted laser 
beam having a nearly circular distribution of intensity. 

15 However, in the Al-Ga-In-As-P based S 3 semiconductor laser 30, 

the p-type emission layer 38 is formed on the (411)A surface, 
and the substrate 31 has the (100) 6°off reference surface. For 
this reason, the emitted laser beam from the emission layer 38 of 
the semiconductor laser 30 is slanted to the direction of the 

20 reference surface of the substrate 31, and the slanted angle (" 6 " 

indicated in FIG. 5) of the emission layer 38 is about 13.5 
degrees to the direction of the reference surface of the substrate 
31. Therefore, in the conventional integrated optical head 
module that uses the Al-Ga-In-As-P based S 3 semiconductor 

25 laser 30 as the laser light source, the direction of polarization of 

the emitted laser beam from the emission layer 38 is slanted to 
the direction of the reference surface of the substrate 31 and 
does not accord with the tangential direction (or the track 
direction) of the optical disk 10. 

30 FIG. 6A and FIG. 6B are diagrams for explaining laser 

light emission of the conventional integrated optical head 
module using the Al-Ga-In-As-P based S 3 semiconductor laser 
30 as the laser light source. FIG. 6A is a perspective view of 
the mirror 24, and FIG. 6B is a top view of the mirror 24. 

35 As shown in FIG. 6A and FIG. 6B, even when the 

conventional integrated optical head module uses the Al-Ga-In- 
As-P based S 3 semiconductor laser as the laser light source 23, 
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the semiconductor laser 23 and the reflector mirror 24 are 
disposed such that the optical axis (indicated by "Cll" in FIG. 
6A) of the laser emission of the semiconductor laser 23 is 
parallel to the central axis (indicated by "C12" in FIG. 6A) of 
5 the photodetector substrate 21, and the direction of the reflected 

laser beam from the sloped reflection surface 24a is 
substantially perpendicular to the surface of the substrate 21. 

However, in the conventional integrated optical head 
module, the direction of polarization of the emitted laser beam 

10 from the semiconductor laser 23 is slanted to the direction of the 

reference surface of the substrate of the semiconductor laser 23 
(the slanted angle is 13.5 degrees). When the semiconductor 
laser 23 is disposed on the substrate 21 as shown in FIG. 3, the 
direction of polarization (indicated by "Dll" in FIG. 6A) of the 

15 emitted laser beam from the semiconductor laser 23 is slanted to 
the optical axis (indicated by "Cll" in FIG. 6A) of the laser 
emission. 

As shown in FIG. 6B, the emitted laser beam from the 
semiconductor laser 23 is incident to the reflection surface 24a 

20 of the mirror 24 with the direction of polarization (indicated by 
"D12" in FIG. 6B) is slanted. Hence, the direction of 
polarization (indicated by "D13" in FIG. 6A) of the reflected 
laser beam from the reflection surface 24a is slanted to or 
rotated from the desired polarization direction (indicated by 

25 "D10" in FIG. 6A). 

Therefore, in the conventional integrated optical head 
module, the direction of polarization of the emitted laser beam 
from the semiconductor laser 23 is slanted to the direction of the 
reference surface of the semiconductor laser substrate, and if the 

30 semiconductor laser 23 is disposed on the substrate 21 as shown 

in FIG. 3, the direction of polarization "D13" of the reflected 
laser beam from the reflection surface 24a of the mirror 24 is 
rotated from the desired polarization direction "DIG". Hence, 
the distribution of intensity of the reflected laser beam is 

35 changed due to the slanted emission layer, and it is difficult to 

attain good quality of a reproduced signal derived from the 
reflected laser beam from the optical disk when the 



-7- 



semiconductor laser 21 is disposed as shown in FIG. 3. 

A conceivable method for eliminating the problem of the 
conventional integrated optical head module is to perform the 
design change of the optical elements, including the sub-mount 
5 22, such that the modified optical elements are suited for the 

requirements of the conventional integrated optical head module 
using the Al-Ga-In-As-P based S 3 semiconductor laser 30. 
However, the general-purpose optical elements cannot be used 
for the conventional integrated optical head module, and the 
10 manufacturing cost is increased if the above method is used. 

Further, even if the modified optical elements are used at the 
sacrifice of the manufacturing cost, it is difficult to immediately 
attain good quality of a reproduced signal derived from the 
reflected laser beam from the optical disk. 

15 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved integrated optical head device in which the above- 
described problems are eliminated. 
20 Another object of the present invention is to provide an 

optical device that provides good quality of a reproduced signal 
obtained from a reflected light beam from an optical storage 
medium. 

Another object of the present invention is to provide an 
25 optical information recording apparatus that ensures good 

quality of a reproduced signal obtained from a reflected light 
beam from an optical storage medium. 

The above-mentioned objects of the present invention are 
achieved by an optical device comprising: a light emission unit 
30 which has an emission layer emitting a light beam along an 

optical axis; a light reflection unit which reflects the light beam, 
emitted by the light emission unit, to a predetermined direction; 
and a substrate which has photodetecting elements disposed 
thereon, the photodetecting elements detecting a reflected light 
35 beam from a storage medium, wherein the emission layer is 

slanted to a central axis of the substrate, and the light emission 
unit and the light reflection unit are disposed on the substrate 
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such that one of a change of a distribution of intensity of the 
reflected light beam from the light reflection unit and a change 
of a direction of polarization of the reflected light beam, caused 
by the slanted emission layer, is corrected. 
5 The above-mentioned objects of the present invention are 

achieved by an optical information recording apparatus in which 
a light beam is emitted to a storage medium and information is 
recorded onto or reproduced from the Storage medium, the 
optical information recording apparatus comprising: a light 

10 emission unit which has an emission layer emitting the light 

beam; a light reflection unit which reflects the light beam, 
emitted by the light emission unit, to a predetermined direction; 
and a substrate which has photodetecting elements disposed 
thereon, the photodetecting elements detecting a reflected light 

15 beam from the storage medium, wherein the emission layer is 

slanted to a central axis of the substrate , and the light emission 
unit and the light reflection unit are disposed on the substrate 
such that one of a change of a distribution of intensity of the 
reflected light beam from the light reflection unit and a change 

20 of a direction of polarization of the reflected light beam, caused 
by the slanted emission layer, is corrected. 

In the optical device and optical information recording 
apparatus of the present invention, the emission layer is slanted 
to the central axis of the substrate, and the light emission unit 

25 and the light reflection unit are disposed on the substrate such 

that one of a change of a distribution of intensity of the 
reflected light beam from the light reflection unit and a change 
of a direction of polarization of the reflected light beam, caused 
by the slanted emission layer, is corrected. According to the 

30 present invention, the reflected light beam from the light 

reflection unit can have the desired distribution of intensity or 
the desired direction of polarization. The optical device and 
optical information recording apparatus of the present invention 
are effective in providing good quality of a reproduced signal 

35 obtained from the reflected light beam from the optical disk. 
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Other objects, features and advantages of the present 
invention will become apparent from the following detailed 
description when read in conjunction with the accompanying 
drawings. 

5 FIG. 1 is a diagram for explaining a configuration of a 

magneto-optical disk drive. 

FIG. 2 is a diagram of an optical head in which an 
integrated optical head module is provided. 

FIG. 3 is a diagram of a conventional integrated optical 
10 head module. 

FIG. 4A and FIG. 4B are diagrams for explaining a 
relationship between a laser light beam and a mirror in the 
conventional integrated optical head module. 

FIG. 5 is a diagram for explaining a structure of a 
15 semiconductor laser for use in an integrated optical head module, 
FIG. 6A and FIG. 6B are diagrams for explaining laser 
light emission of a conventional integrated optical head module 
which uses the semiconductor laser of FIG. 5. 

FIG. 7 is a diagram of a first preferred embodiment of the 
20 integrated optical head module of the invention. 

FIG. 8A, FIG. 8B, FIG. 8C and FIG. 8D are diagrams for 
explaining an optical path of an emitted laser beam from a 
semiconductor laser which is reflected by a reflector mirror in 
the integrated optical head module of the present embodiment. 
25 FIG. 9 is a diagram of a second preferred embodiment of 

the integrated optical head module of the invention. 

FIG. 10 is a diagram of a third preferred embodiment of 
the integrated optical head module of the invention. 

FIG. 11 is a diagram for explaining a structure of 
30 semiconductor lasers in the integrated optical head module of 
the present embodiment. 

FIG. 12 is a diagram of a fourth preferred embodiment of 
the integrated optical head module of the invention. 

35 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



Before describing preferred embodiments of the present 
invention, a description will be provided of an optical 
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infortnation recording apparatus with reference to FIG. 1 and 
FIG. 2, in order to facilitate understanding of the concepts of 
the present invention. 

FIG. 1 is a schematic diagram of a magneto-optical (MO) 
5 disk drive. The MO disk drive 1, shown in FIG. 1, is provided 

as an optical information recording apparatus in which the 
optical device of the present invention is embodied. 

As shown in FIG. 1, the disk drive 1 generally includes a 
spindle motor 2, a rotation control circuit 3, an optical head 4, a 

10 laser drive circuit 5, a focusing/tracking (F/T) control circuit 6, 

an MO signal detection circuit 7, a magnetic field (MF) 
generator circuit 8, and a magnetic field (MF) control circuit 9. 
A magneto-optical (MO) disk 10 (which will be called the disk) 
is inserted into the MO disk drive 1. 

15 In the disk drive 1 of FIG. 1, the spindle motor 2 rotates 

the disk in a rotating direction indicated by the arrow "A" in 
FIG. 1. The rotation control circuit 3 controls the rotating 
speed of the spindle motor 2. The optical head 4 includes a 
laser light source that emits a light beam "L" onto the disk, and 

20 detects the intensity of a reflection beam reflected from the disk. 
The laser drive circuit 5 controls the intensity of the light beam 
"L" emitted by the light source of the optical head 4. 

In the disk drive of FIG. 1, the focusing/tracking (F/T) 
control circuit 6 controls a focusing actuator and a tracking 

25 actuator (both not shown in FIG. 1) of the optical head 4, so that 
the focusing and tracking control of the light beam "L" emitted 
from the optical head 4 onto the disk 10. The MO signal 
detection circuit 7 detects an MO signal based on the signal 
detected by the optical head 4. 

30 Further, in the disk drive 1 of FIG. 1, the magnetic field 

(MF) generator circuit 8 produces a magnetic field that is 
applied to the disk. The magnetic field (MF) control circuit 9 
controls the MF generator circuit 8 so that the magnetic field, 
produced by the MF generator unit 8, is in accordance with a 

35 recording signal which is input to the MF control circuit 9. 

In a conventional disk drive, the optical head includes the 
light emitting element, the optical elements (such as the lenses 
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or the prism), and the photodetecting elements, which are 
separately provided in the conventional disk drive. Various 
optical elements are needed to form the optical head of the 
conventional disk drive, and it is difficult to create a small-size 
5 design for the conventional disk drive. The accuracy of 

assembling of the optical elements to the optical head is liable 
to become worse. 

To eliminate the problems, an integrated optical head 
module in which the light emitting element, the optical elements 

10 and the photodetecting elements are integrated has been 
developed for use in a small-size optical disk drive. 

FIG. 2 shows a structure of an optical head in the disk 
drive in which the optical device of the present invention, 
including the integrated optical head module, is embodied. 

15 As shown in FIG. 2, the optical head 4 generally includes 

an integrated optical head module 11, complex optical elements 
12, a collimator lens 13, and an objective lens 14. The 
integrated optical head module 11 emits a light beam L to the 
magneto-optical disk 10, and generates an electrical signal in 

20 response to a reflected light beam from the disk 10. 

The optical elements 12 include a beam splitter 12a, a 
beam splitter 12b, a beam splitter 12c, and a combined hologram 
12d. The optical elements 12 direct the emitted light beam L 
from the integrated optical head module 1 1 to the disk 10. The 

25 optical elements 12 guide the reflected light beam from the disk 

10 to a plurality of photodetectors on the integrated optical head 
module 11. 

As described earlier, in the conventional integrated optical 
head module, the direction of polarization of the emitted laser 

30 beam from the semiconductor laser is slanted to the direction of 
the reference surface of the semiconductor laser substrate, and if 
the semiconductor laser is disposed on the photodetector 
substrate as shown in FIG. 3, the direction of polarization "D13" 
of the reflected laser beam from the reflection surface 24a of the 

35 mirror 24 is rotated from the desired polarization direction 

"D10" as shown in FIG. 6A. Hence, the distribution of intensity 
of the reflected light beam is changed due to the slanted 
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emission layer, and it is difficult to attain good quality of a 
reproduced signal derived from the reflected laser beam from the 
optical disk when the semiconductor laser is disposed as shown 
in FIG. 3. 

5 The optical device and optical information recording 

apparatus of the present invention are configured such that a 
change of the distribution of intensity of a reflected light beam 
from a reflector mirror or a change of the direction of 
polarization of the reflected light beam, caused by the slanted 
10 emission layer of the light source, is corrected. 

A description will now be provided of preferred 
embodiments of the present invention with reference to the 
accompanying drawings. 

FIG. 7 is a diagram of a first preferred embodiment of the 
15 integrated optical head module of the present invention. The 

integrated optical head module 101 of the present embodiment is 
provided within the optical head 4 of the optical disk drive, 
shown in FIG. 2, in place of the module 11. 

In FIG. 7, the elements that are essentially the same as 
20 corresponding elements in FIG. 2 or FIG. 3 are designated by 
the same reference numerals, and a description thereof will be 
omitted. 

As shown in FIG. 7, in the integrated optical head module 
101 of the present embodiment, a semiconductor laser 110, a 

25 sub-mount 120 and a reflector mirror 130 are disposed on the 

substrate 21 in a manner different from that of the 
corresponding elements 23, 22 and 24 in the conventional 
integrated optical head module 11 of FIG. 3. Other elements in 
the present embodiment are essentially the same as 

30 corresponding elements in FIG. 2 or FIG. 3. 

In the present embodiment, suppose that the semiconductor 
laser 110 is constituted by the Al-Ga-In-As-P based S 3 
semiconductor laser 30 shown in FIG. 5. In the semiconductor 
laser 120, the emission layer is slanted to the direction of the 

35 reference surface of the semiconductor laser substrate, and the 
slanted angle of the emission layer is about 13.5 degrees. 

In the integrated optical head module 101 of FIG. 7, the 
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semiconductor laser 110 is fixed onto the sub-mount 120* The 
sub-mount 120 is disposed on the photodetector substrate 21 
such that an optical axis (indicated by "CI" in FIG. 7) of laser 
emission of the semiconductor laser 110 is slanted to a central 
5 axis (indicated by "C2" in FIG. 7) of the substrate 21. The 
slanted angle is indicated by "a?" in FIG. 7. 

In the integrated optical head module 101 of FIG. 7, the 
semiconductor laser 110 is connected to the laser drive circuit 5 
of the optical disk drive 1 shown in FIG. 1. The semiconductor 

10 laser 110 emits a laser beam in response to a drive signal 

received from the laser drive circuit 5. The laser beam is 
emitted by the semiconductor laser 110 in a slanted direction to 
the direction Y2 indicated in FIG. 7. 

The reflector mirror 130 is disposed on the substrate 21 at 

15 a middle position on the central axis C2 of the substrate 21. 

The reflector mirror 130 includes a sloped reflection surface 
130a that faces the semiconductor laser 110 in a slanted 
direction to the direction Yl indicated in FIG. 7. The sloped 
reflection surface 130a has a slope angle (indicated by in 

20 FIG. 8A) with respect to the surface of the substrate 21. 

The emitted laser beam from the semiconductor laser 110 
hits the sloped reflection surface 130a of the mirror 130, and the 
sloped reflection surface 130a reflects the laser beam in the up 
direction toward the optical disk 10. The direction of the 

25 reflected laser beam is substantially perpendicular to the surface 
of the substrate 21. The reflected laser beam is focused onto the 
recording layer of the disk 10. The reflected laser beam from 
the disk 10 is divided by the optical elements of the optical head 
4 into plural laser beams, and such laser beams are directed to 

30 the photodetectors 25-1 through 25-6 and 25-8. The reflected 
laser beam from the mirror 130 is deflected directly to the 
photodetector 25-7. 

The slanted angle a and the slope angle ft are 
predetermined such that the direction of the reflected laser beam 

35 from the mirror 130 is substantially perpendicular to the surface 

of the substrate 21. When the semiconductor laser 30 shown in 
FIG. 5 is used as the semiconductor laser 110, the slanted angle 
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OL is set to about 13.5 degrees, and the slope angle $ is set to 
about 45 degrees. 

FIG. 8A through FIG. 8D show an optical path of an 
emitted laser beam from the semiconductor laser 110 which is 
5 reflected by the reflector mirror 130 in the integrated optical 

head module of the present embodiment. FIG. 8A is a 
perspective view of the mirror 130, FIG. 18B is a top view of 
the mirror 130, FIG. 8C is a side view of the mirror 130, and 
FIG. 8D is a front view of the mirror 130. 

10 As shown in FIG. 8A, the emitted laser beam L is incident 

to the reflection surface 130a of the mirror 130. The direction 
of polarization (indicated by "Dl" in FIG. 8A) of the emitted 
laser beam L is slanted to a direction (indicated by "El" in FIG. 
8A) that is parallel to the reflection surface 130a as shown in 

15 FIG. 8D, and the slanted angle (indicated by "0 1" in FIG. 8D) 
is about 13.5 degrees. The direction of the reflected laser beam 
from the reflection surface 130a of the mirror 130 is 
substantially perpendicular to the surface of the substrate 21 as 
shown in FIG. 8C. 

20 The direction of polarization Dl of the emitted laser beam 

L is rotated, when the emitted laser beam L is reflected by the 
reflection surface 130a of the mirror 130, to the direction of 
polarization (indicated by "D2" in FIG. 8B) on the plane of the 
reflection surface 130a, and the rotation angle is indicated by 

25 " 6 2" in FIG. 8B. As shown in FIG. 8D, the rotation angle 0 2 

is apparently converted to the rotation angle 9 3 when it is 
viewed from the direction perpendicular to the front of the 
mirror 130. 

As described above, the direction of polarization Dl is 
30 rotated to the direction of polarization D2 on the plane of the 

reflection surface 130a when it is reflected, and the direction of 
polarization D2 of the reflected laser beam from the reflection 
surface 130a accords with a desired polarization direction 
(indicated by "D10" in FIG. 8A). Suppose that the desired 
35 polarization direction D10 accords with one of a tangential 

direction (or a track direction) of the optical disk 10 and a 
radial direction of the optical disk 10 at right angles to the track 
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direction of the disk 10. The reflected laser beam from the 
reflection surface 130a is substantially perpendicular to the 
central axis C2 of the substrate 21, and the direction of the 
reflected laser beam from the reflection surface 130a is 
5 substantially perpendicular to the surface of the substrate 21. 

Therefore, in the integrated optical head module 101 of the 
present embodiment, the emission layer of the semiconductor 
laser 110 is slanted to the central axis C2 of the substrate 21, 
and the semiconductor laser 110 and the reflector mirror 130 are 
10 disposed on the substrate 21 such that one of a change of the 
distribution of intensity of the reflected laser beam from the 
mirror 130 and a change of the direction of polarization of the 
reflected laser beam, caused by the slanted emission layer, is 
corrected. 

15 Specifically, in the present embodiment, the sub-mount 

120 to which the semiconductor laser 110 is fixed is disposed on 
the substrate 21 such that the optical axis CI of laser emission 
of the semiconductor laser 110 is slanted to the central axis C2 
of the substrate 21 (the slanted angle a is about 13.5 degrees in 

20 the present embodiment). However, in the integrated optical 

head module of the present embodiment, it is assumed that the 
arrangement of the elements (such as the photodetectors, the 
reflector mirror and the semiconductor laser) on the substrate is 
the same as that of the corresponding elements in the 

25 conventional integrated optical head module shown in FIG. 3. 

When the arrangement of the elements on the substrate is 
different from that of the conventional integrated optical head 
module of FIG. 3, it is necessary to adjust the positioning of the 
mirror and the laser by moving them on the substrate such that 

30 the direction of polarization D2 of the reflected laser beam from 
the reflection surface of the mirror accords with the desired 
polarization direction D10. 

The present invention is not limited to the above-described 
embodiment, and variations and modifications may be made 

35 without departing from the scope of the present invention. For 
example, the reflector mirror 130 is constituted by means of a 
triangular prism in the above-described embodiment, but it may 
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be integrally formed with the photodetector substrate 120 
through anisotropic etching of the substrate 120. 

Further, in the above-described embodiment, the 
semiconductor laser 110 is constituted by the Al-Ga-In-As-P 
5 based S 3 semiconductor laser 30. Alternatively, the 

semiconductor laser 110 may be constituted by another type 
semiconductor laser. A commonly used Al-Ga-As semiconductor 
laser may be applied to the integrated optical head module of the 
present invention. According to the present invention, the laser 
10 emission characteristics of the semiconductor laser, such as the 

output power or the wavelength, can be improved, and, if the 
crystal structure of the semiconductor laser varies, it may be 
applied to the integrated optical head module of the present 
invention. 

15 In the above-described embodiment, the optical device of 

the present invention is applied to the integrated optical head 
module of a magneto-optical disk drive. However, the 
application of the optical device of the present invention is not 
limited to this embodiment. The optical device of the present 

20 invention may be applied to the integrated optical head module 
of CD disk drive, DVD disk drive or other optical disk drives. 

In the above-described embodiment, the optical device of 
the present invention is applied to a single laser beam device. 
However, the optical device of the present invention may be 

25 applied to a multiple laser beam device. 

Next, FIG. 9 shows a second preferred embodiment of the 
integrated Optical head module of the present invention. The 
integrated optical head module 200 of the present embodiment is 
provided in the optical head 4 of the optical disk drive, shown in 

30 FIG. 2, in place of the module 11. 

In FIG. 9, the elements that are essentially the same as 
corresponding elements in FIG. 7 are designated by the same 
reference numerals, and a description thereof will be omitted. 

As shown in FIG. 9, in the integrated optical head module 

35 200 of the present embodiment, two semiconductor lasers 201 

and 202, two sub-mounts 208 and 209, and two reflector mirrors 
206 and 207 are disposed in parallel on the substrate 21 in a 



- 17- 



manner similar to that of the first preferred embodiment shown 
in FIG. 7. Other elements in the present embodiment are 
essentially the same as corresponding elements in FIG. 7. 
In the present embodiment, suppose that each of the 
5 semiconductor lasers 201 and 202 is constituted by the Al-Ga- 
In-As-P based S 3 semiconductor laser 30 shown in FIG. 5. In 
each of the semiconductor lasers 201 and 202, the emission layer 
is slanted to the direction of the reference surface of the 
semiconductor laser substrate. 
10 In the integrated optical head module 200 of FIG. 9, the 

semiconductor laser 201 is fixed onto the sub-mount 208. The 
sub-mount 208 is disposed on the substrate 21 such that an 
optical axis 203 of laser emission of the semiconductor laser 

201 is slanted to a central axis 205 of the substrate 21. The 
15 slanted angle is indicated by "or" in FIG. 9. Similarly, the 

semiconductor laser 202 is fixed onto the sub-mount 209. The 
sub-mount 209 is disposed on the substrate 21 such that an 
optical axis 204 of laser emission of the semiconductor laser 

202 is slanted to the central axis 205 of the substrate 21. The 
20 slanted angle is indicated by " or *\ and the optical axis 204 is 

parallel to the optical axis 203. Each of the positional 
relationship between the laser 201 and the mirror 206 and the 
positional relationship between the laser 202 and the mirror 207 
is the same as the positional relationship between the laser 110 
25 and the mirror 130 in the previous embodiment of FIG. 7. 

In the integrated optical head module 200 of FIG. 9, the 
semiconductor lasers 201 and 202 have different wavelengths of 
the emitted laser light. Alternatively, the semiconductor lasers 

201 and 202 may have different directions of polarization of the 
30 emitted laser light. One of the semiconductor lasers 201 and 

202 is selected by switching, and only the selected one of lasers 
201 and 202 is turned ON to emit one of the laser light beams of 
the two different types (different wavelengths or different 
polarization directions). 

35 In the integrated optical head module 200 of FIG. 9, the 

distance between the sub-mount (to which the semiconductor 
laser is fixed) and the reflector mirror along the optical axis 
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may be set to a distance according to the wavelength of the 
emission laser light of the semiconductor laser. Alternatively, 
the distance between the sub-mount and the mirror along the 
optical axis may be set to such a distance that the aberrations of 
5 the optical elements are suitably corrected. Alternatively, the 

distance between the sub-mount and the mirror along the optical 
axis may be set to such a distance that the efficiency of use of 
the emission light is optimized. 

In the integrated optical head module 200 of the present 

10 embodiment, the emission layer of each of the semiconductor 
lasers 201 and 202 is slanted to the central axis 205 of the 
substrate 21, and the semiconductor lasers and the reflector 
mirrors of the two pairs are disposed on the substrate 21 such 
that one of a change of the distribution of intensity of the 

15 reflected laser beam from each mirror and a change of the 

direction of polarization of the reflected laser beam, caused by 
the slanted emission layer, is corrected. 

When the integrated optical head module 200 of the 
present embodiment is applied to the optical head of an optical 

20 disk drive, the optical head is capable of recording information 

onto or reproducing information from each of two optical disks 
of different types. 

In the above-described embodiment, the two semiconductor 
lasers and the two reflector mirrors are disposed on the substrate 

25 21 such that the optical axis of laser emission of one of the two 

semiconductor lasers is parallel to the optical axis of laser 
emission of the other semiconductor laser. Alternatively, the 
two semiconductor lasers and the two reflector mirrors may be 
disposed on the substrate 21 such that the optical axes of laser 

30 emission of the two semiconductor lasers are symmetric with 

respect to the central axis 205 of the substrate 21. 

FIG. 10 shows a third preferred embodiment of the 
integrated optical head module of the present invention. The 
integrated optical head module 300 of the present embodiment is 

35 provided in the optical head 4 of the optical disk drive, shown in 

FIG. 2, in place of the module 11. 

In FIG. 10, the elements that are essentially the same as 



corresponding elements in FIG. 7 are designated by the same 
reference numerals, and a description thereof will be omitted. 

As shown in FIG- 10, in the integrated optical head module 

300 of the present embodiment, two semiconductor lasers 301 
and 302, two sub-mounts 308 and 309* and two reflector mirrors 
306 and 307 are symmetrically disposed on the substrate 21 in a 
manner similar to that of the first preferred embodiment shown 
in FIG. 7. Other elements in the present embodiment are 
essentially the same as corresponding elements in FIG, 7. 

In the present embodiment, suppose that each of the 
semiconductor lasers 301 and 302 is constituted by the Al-Ga- 
In-As-P based S 3 semiconductor laser 30 shown in FIG. 5. In 
each of the semiconductor lasers 301 and 302, the emission layer 
is slanted to the direction of the reference surface of the 
semiconductor laser substrate. The slanted angles of the 
emission layers of the two lasers are opposite to each other. 

In the integrated optical head module 300 of FIG. 10, the 
semiconductor laser 301 is fixed onto the sub-mount 308. The 
sub-mount 308 is disposed on the substrate 21 such that an 
optical axis 303 of laser emission of the semiconductor laser 

301 is slanted to a central axis 305 of the substrate 21. The 
slanted angle is indicated by "+Q?" in FIG. 10. 

Similarly, the semiconductor laser 302 is fixed onto the 
sub-mount 309. The sub-mount 309 is disposed on the substrate 
21 such that an optical axis 304 of laser emission of the 
semiconductor laser 302 is slanted to the central axis 305 of the 
substrate 21. The slanted angle is indicated by "-G?" in FIG. 10. 
The optical axis 303 and the optical axis 304 are symmetric with 
respect to the central axis 305. 

The positional relationship between the laser 301 and the 
mirror 306 is the same as the positional relationship between the 
laser 110 and the mirror 130 in the previous embodiment of FIG. 
7. The positional relationship between the laser 302 and the 
mirror 307 and the positional relationship between the laser 301 
and the mirror 306 are symmetric with respect to the central axis 
305 of the substrate 21. 

FIG. 11 shows a structure of the semiconductor lasers 301 
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and 302 in the integrated optical head module of the present 
embodiment. 

As shown in FIG. 11, in the semiconductor laser 301, an 
emission layer 311 is slanted to a direction of a reference 
5 surface 312, and the slanted angle is indicated by "+ 9 " in FIG. 

11. For example, the slanted angle is +13.5 degrees to the 
direction of the reference surface 312. In the semiconductor 
laser 302, an emission layer 321 is slanted to a direction of a 
reference surface 322, and the slanted angle is indicated by 

10 9 " in FIG. 11. For example, the slanted angle is -13.5 degrees 

to the direction of the reference surface 322. The semiconductor 
lasers 301 and 302 are configured such that they are symmetric 
with respect to the central axis 305 of the substrate 21. 

The semiconductor lasers 301 and 302 can be formed 

15 together from a semiconductor laser chip having the same 
structure as that shown in FIG. 11. When producing the 
semiconductor lasers 301 and 302, cutting of the chip having 
such structure into pieces is first performed. To form the 
semiconductor laser 301, a low-reflectance layer is formed on a 

20 first end surface 331 of the semiconductor laser 301, and a high- 
reflectance layer is formed on a second end surface 332. To 
form the semiconductor laser 302, a high-reflectance layer is 
formed on a first end surface 341 of the semiconductor laser 302, 
and a low-reflectance layer is formed on a second end surface 

25 342. In this manner, the semiconductor lasers 301 and 302 are 

formed such that they are symmetric with respect to the central 
axis 305 of the substrate 21. The emitted laser beams emitted 
from the semiconductor lasers 301 and 302 have the directions 
of polarization that are symmetric with respect to the central 

30 axis 305 of the substrate 21. 

In the integrated optical head module 300 of the present 
embodiment, the distance (indicated by "d" in FIG. 10) between 
the semiconductor lasers 301 and 302 may be set to a large 
distance that is adequate to effectively dissipate heat produced 

35 at the semiconductor lasers 301 and 302 during operation. 

In the integrated optical head module 300 of the present 
embodiment, the emission layer of each of the semiconductor 
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lasers 301 and 302 is slanted to the central axis 305 of the 
substrate 21, and the semiconductor lasers and the reflector 
mirrors of the two pairs are disposed on the substrate 21 such 
that one of a change of the distribution of intensity of the 
5 reflected laser beam from each mirror and a change of the 

direction of polarization of the reflected laser beam, caused by 
the slanted emission layer, is corrected. 

When the integrated optical head module 300 of the 
present embodiment is applied to the optical head of an optical 

10 disk drive, the optical head is capable of recording information 
onto or reproducing information from each of two optical disks 
of different types. 

In the above-described embodiment, the semiconductor 
lasers 301 and 302 and the mirrors 306 and 307 are configured 

15 such that they are symmetric with respect to the central axis 305 
of the substrate 21. Alternatively, the semiconductor lasers and 
the mirrors of the two pairs may be configured such that they 
are symmetric with respect to a central point of the substrate 21. 
In such alternative embodiment, the semiconductor laser and 

20 mirror of one of the two pairs is aligned with the semiconductor 
laser and mirror of the other pair along the optical axis, and the 
semiconductor lasers and the mirrors of the two pairs are 
symmetric with respect to the central point of the substrate 21. 
Further, in the integrated optical head 300 of the present 

25 embodiment, the semiconductor lasers 301 and 302 can be easily 
formed by cutting of a semiconductor laser chip having the same 
structure. 

FIG. 12 shows a fourth preferred embodiment of the 
integrated optical head module of the present invention. The 
30 integrated optical head module 400 of the present embodiment is 
provided in the optical head 4 of the optical disk drive, shown in 
FIG. 2, in place of the module 11. 

In FIG. 12, the elements that are essentially the same as 
corresponding elements in FIG. 10 are designated by the same 
35 reference numerals, and a description thereof will be omitted. 

As shown in FIG. 12, in the integrated optical head module 
400 of the present embodiment, two semiconductor lasers 401 
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and 403, two sub-mounts 408 and 409, and two reflector mirrors 
402 and 404 are symmetrically disposed on the substrate 21 with 
respect to a central point "O" of the substrate 21. Other 
elements in the present embodiment are essentially the same as 
5 corresponding elements in FIG. 10. 

In the present embodiment, suppose that each of the 
semiconductor lasers 401 and 403 is constituted by the Al-Ga- 
In-As-P based S 3 semiconductor laser 30 shown in FIG. 5. In 
each of the semiconductor lasers 401 and 403, the emission layer 

10 is slanted to the direction of the reference surface of the 
semiconductor laser substrate. The slanted angles of the 
emission layers of the two lasers are the same. 

In the integrated optical head module 400 of FIG. 12, the 
semiconductor laser 401 is fixed onto the sub-mount 408. The 

15 sub-mount 408 is disposed on the substrate 21 such that the 
optical axis 303 of laser emission of the semiconductor laser 

401 is slanted to the central axis 305 of the substrate 21. The 
slanted angle is indicated by "Of" in FIG. 12. 

Similarly, the semiconductor laser 403 is fixed onto the 
20 sub-mount 409. The sub-mount 409 is disposed on the substrate 
21 such that the optical axis of laser emission of the 
semiconductor laser 403 is identical to the optical axis 303 of 
the semiconductor laser 401, and it is slanted to the central axis 
305 of the substrate 21. The slanted angle is indicated by 
25 in FIG. 12. 

Both the positional relationship between the laser 401 and 
the mirror 402 and the positional relationship between the laser 

402 and the mirror 404 are the same as the positional 
relationship between the laser 110 and the mirror 130 in the 

30 previous embodiment of FIG. 7. 

In the integrated optical head module 400 of the present 
embodiment, the distance between the semiconductor lasers 401 
and 403 along the optical axis may be set to a large distance that 
is adequate to effectively dissipate heat produced at the 
35 semiconductor lasers 401 and 403 during operation. 

In the above-described embodiments of FIG. 9 through FIG. 
12, the two pairs of the semiconductor laser and the reflector 
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mirror are disposed on the substrate 21. Alternatively, three or 
more pairs of the semiconductor laser and the reflector mirror 
may be disposed on the substrate 21. 

In the above-described embodiments, the semiconductor 
5 laser is constituted by the Al-Ga-In-As-P based S 3 

semiconductor laser 30. Alternatively, the semiconductor laser 
may be constituted by another type semiconductor laser. A 
commonly used semiconductor laser in which the emission layer 
is slanted may be applied to the integrated optical head module 

10 of the present invention. According to the present invention, 

the laser emission characteristics of the semiconductor laser, 
such as the output power or the wavelength, can be improved, 
and, if the crystal structure of the semiconductor laser varies, it 
may be applied to the integrated optical head module of the 

15 present invention. 

In the above-described embodiments, the optical device of 
the present invention is applied to the integrated optical head 
module of a magneto-optical disk drive. However, the 
application of the optical device of the present invention is not 

20 limited to this embodiment. The optical device of the present 
invention may be applied to the integrated optical head module 
of CD disk drive, DVD disk drive or other optical disk drives. 

In the above-described embodiments, the pattern of the 
photodetectors on the substrate 21 is essentially the same as that 

25 of the conventional device of FIG. 3. However, the present 
invention is not limited to these embodiments. Various 
variations and modifications of the pattern of the photodetectors 
on the substrate 21 may be made without departing from the 
scope of the present invention, in order to suit them to the 

30 optical system and the optical storage medium. 

The optical device of the present invention involves 
integrated optical head modules, optical processing devices, 
optical information storage devices, and so on. 

Further, the present invention is based on Japanese 

35 priority application No. 2000-254502, filed on August 24, 2000, 
the entire contents of which are hereby incorporated by 
reference. 



